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Annual ryegrass (Lolium multiflorum Lam.) can be divided into two cytotypes: diploid
(2n = 2x = 14) or tetraploid (2n = 4x = 28). Transforming annual ryegrass from diploid to
tetraploid often results in increased seedling vigor, more robust growth and, thus, supposedly
greater yield. There has been conflicting research that suggests no difference in yield between
diploid and tetraploid cultivars, but livestock producers’ question whether benefits exist to
utilizing tetraploid cultivars for grazing cattle. This study sought to determine if annual ryegrass
cytotype affected cattle average daily gain. Although there were no differences in average daily
gain between cytotypes, there were differences among cultivars. In 2017, Jumbo (4x) produced
the greatest weight gain, while in 2018, Tam-90 (2x) generated the greatest gain. This study
suggests that there are no advantages attributed to average daily gain by utilizing tetraploid, as
opposed to diploid cultivars.
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CHAPTER I
INTRODUCTION
Cattle production plays a prominent role in U.S. agriculture. Cattle inventories for the
U.S. have increased from 102 million to 103 million cattle from 2017 to 2018 (USDA, 2018d).
In 2017, the value of cattle production in terms of gross receipts from cattle sales, including
cows, calves, beef, and dairy was $68 billion (USDA, 2018c). In Mississippi, cattle inventories
increased from 890,000 to 930,000 from 2017 to 2018. In 2017, cattle production contributed an
estimated $285 million to Mississippi’s economy in gross receipts from cattle sales (USDA,
2018c). In the state there are an estimated 15,940 cattle-producing farms, the majority being
either cow-calf or stocker cattle operations (USDA, 2018b).
Stocker cattle production plays an important part in Mississippi’s beef industry in adding
body weight, primarily from pasture-based diets, to calves weaned from cow-calf operations.
The stocker period can be viewed as a preliminary step, before transitioning to a feeding
operation. Many stocker operations in the state take advantage of year-round grazing. Operations
in Mississippi can take advantage of year-round grazing because of long growing seasons and
favorable environments for a wide range of warm and cool-season forages. Year-round grazing
provides a relatively inexpensive way to feed cattle while providing them with essential nutrients
to grow and develop (McKinley et al., 2004). There are many options for grazing systems and
methods that can be used to take advantage of year-round grazing in Mississippi.
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In the Southeast, forage production systems are reliant on warm-season grass species,
either planted as a monoculture or in mixtures with legumes. These warm-season species are
productive as early as late April through late August at temperatures that range from 27°C to
35°C (Yao et al., 2011; Lemus, 2017a). Forage production systems rely on cool-season species
when temperatures drop to 10°C to 30°C and are most productive during the months of
September to May. Annual cool-season species are a nutritious source of forage for cattle and are
commonly used throughout the Southeast (Butler et al., 2017; Lemus, 2017b).
Annual ryegrass (Lolium multiflorum Lam.) is a cool-season forage that is utilized
throughout the Southeast for grazing, revegetation, and turf. Annually, more than one million
hectares of forage-type annual ryegrass are sown in the Southeast (Blount and Prine, 2016).
Annual ryegrass is adapted to a range of soil types and its ability to produce high quality forage
during winter and early spring makes it an ideal forage species for the southeast.
Annual ryegrass has different cytotypes (ploidy levels). It can be either diploid
[containing two sets of chromosomes (2n = 2x = 14)] or tetraploid [four sets of chromosomes (2n
= 4x = 28)] (Ball et al., 2015). Tetraploids are derived from diploid cultivars by doubling
chromosomes, usually via treatment with colchicine (Solomon et al., 2014).In the southeast,
popular diploid cultivars: ‘Marshall’, ‘Jackson’ and ‘Gulf’, while popular tetraploid cultivars
include; ‘Jumbo’, ‘Prine’ and ‘Big Daddy’.
In a comparison between diploid and tetraploid cytotypes, tetraploids are usually more
robust, contain larger cells, wider leaves and have an overall larger plant size than diploids
(Nelson et al., 2006). Other characteristics generally attributed to tetraploids include larger seed
size, and inherently lower dry matter percentage (Jung et al., 1996). The paradigm suggests
2

tetraploids have a yield advantage over diploids, but there has been conflicting research (Nelson
et al., 2006; White and Lemus, 2014). In a 5-year study across Florida, Georgia, Alabama,
Mississippi, Louisiana and Texas, Nelson et al. (2006) reported that diploid cultivars yielded just
as much or more dry matter than tetraploid cultivars. Another study of 25 years of Mississippi
Annual Cool-Season Forage Crop Variety Trial data compared 10 diploid and tetraploid varieties
at four locations. These data showed that there were no significant differences between cytotypes
(White and Lemus, 2014).
A two-year study conducted in North Wyke, Devon, UK by Orr et al. (2005) assessed
forage quality characteristics between two diploid and two tetraploid cultivars of perennial
ryegrass (Lolium perenne Lam.). Results showed that diploids had significantly greater
digestibility, but significantly decreased nitrogen concentration. The authors also no differences
in time spent grazing, time spent ruminating, and body weight gain of cattle grazing between
cytotypes.
Research by Solomon et al. (2014) observed differences in forage quality between diploid
and tetraploid annual ryegrass cultivars. Diploid cultivars Marshall and Gulf were greater in acid
and neutral detergent fiber concentration compared to the tetraploid cultivars Maximus and
Nelson, while tetraploids were greater in digestibility than diploids.
In the Southeast U.S., annual ryegrass is widely used and is depended on as an important
forage source for many producers. Over the years, many diploid and tetraploid cultivars have
been marketed, each with claims of superiority thanks in part to cytotype. Research indicates that
tetraploid annual ryegrass cultivars do not yield greater dry matter herbage than diploids, which
raises the question of whether there is a compelling reason to plant tetraploids in place of
3

diploids. There has been much less research published on the effects of ploidy level on cattle
weight gain. The research presented in this document is designed to compare (yield, nutritive
value and weight gain of cattle grazing) two diploid cultivars of annual ryegrass and their most
closely related tetraploid analog
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CHAPTER II
LITERATURE REVIEW
Cattle Production
Cattle production is an important segment of the agriculture industry in the U.S., with
livestock grazing an estimated 320 million hectares of land (Drouillard, 2018). Cattle inventories
for the U.S. increased from 102 million to 103 million from 2017 to 2018 (USDA, 2018d). Texas
has the largest contribution, with 12,500,000 head, followed by Nebraska (6,800,000) and
Kansas (6,300,000) (USDA, 2018a). In 2017, the value of cattle production in terms of gross
receipts from cattle sales, including cows, calves, beef, and dairy was $68 billion (USDA,
2018c).
Cattle production in Mississippi occupies an important role in the state’s agriculturallydominated economy. There are an estimated 4,330,136 hectares of farm land in Mississippi with
15,940 beef-producing farms (MDAC, 2017). In 2017, the value of cattle production in terms of
gross receipts from cattle sales, including cows, calves, beef and dairy was $285 million in
Mississippi (USDA, 2018c). From 2017 to 2018, cattle inventories increased from 890,000 to
930,000 cattle (USDA, 2018a). In 2017, Mississippi was ranked 35th in the nation in cattle
production. The top five cattle producing counties were Covington, Jones, Lincoln, Walthall and
Pearl River; all located in the southern part of the state. These counties had an estimated 24,000
to 57,000 cattle in inventory in 2017 compared to other counties in the state that had inventories
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of 4,999 to 23,999 cattle (USDA, 2018b). Cattle operations in these counties are primarily
focused on cow-calf and stocker calf enterprises.
Stocker cattle production plays an important part in Mississippi’s beef industry. Before
transitioning into the stocker period, cow-calf pairs are managed until calves are weaned (usually
five to nine months of age, weighing approximately 136 to 318 kg. During this transition, calves
are normally vaccinated, dehorned, provided hormone implants, and bull calves are usually
castrated. Calves are often kept for 30 to 45 days post-weaning and grazed on pasture until either
being sent to a feedlot or continued through a stocker period before finishing in feedlots. The
goals of feedlots are to add marketable muscle and fat to cattle prior to harvest. Cattle in feedlots
are usually fed a total mixed ration (TMR) until cattle reach a body weight of approximately 544
to 590 kg (Hammack and Gill, 2004). Once cattle reached acceptable finished body weights they
are transferred to packing plants for harvest (USDA, 2012).
The stocker period can be viewed as a preliminary step before cattle are transferred to
finishing operations. Generally, initial weights for stocker cattle range from 136 to 318 kg. A
stocker operation will try to add 36 to 45 kg of body weight before cattle are sold (Rankins and
Prevatt, 2013). Stocker production relies heavily on forage-based systems, as they provide a
relatively inexpensive way to grow and develop cattle (McKinley et al., 2004). In Mississippi,
cattle operations can take advantage of year-round grazing, due to long growing seasons and
favorable environments for a wide range of warm and cool-season forages (McKinley et al.,
2004). Body weight gain of stocker cattle commonly ranges from 0.45 to 1.4 kg d-1 (Johnson,
2008; Reuter and Beck, 2013).
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Continuous Grazing
In the Southeast, continuous grazing is one of the most widely used grazing methods.
Continuous grazing is when animals graze on a single pasture for the duration of the grazing
season. This allows livestock to graze ad libitum without interruption. Unlike rotational grazing,
continuous grazing does not require a pasture to be subdivided into smaller paddocks and
livestock rotated. Under continuous grazing, stocking rates are adjusted as needed for the
grazing period (depending on the size of a pasture and the availability of forage).If stocking rate
is too low or high, producers risk either undergrazing or overgrazing their pastures. Generally,
pastures should not be grazed below eight centimeters. Overgrazing pastures can affect the
ability of forage to re-grow, whereas undergrazing a pasture can lead to forage maturing which
results in an increase in fiber and decrease in digestibility (Allen and Collin, 2003; Ball et al.,
2015).
Continuous grazing can promote an increase in number of tillers for species such as
bermudagrass [Cynodon dactylon (L.) Pers.], bahiagrass (Paspalum notatum Flueggé),
dallisgrass [Paspalum dilatatum Poir], and annual ryegrass, thus aiding in production and
durability of that pasture over long periods of time. Forage species such as johnsongrass
[Sorghum halepense (L.) Pers.], big bluestem (Andropogon gerardii Vitman), indiangrass
(Sorghastrum nutans L.), and switchgrass (Panicum virgatum L.) do not do well under high
stocking rates and constant grazing pressure in continuous grazing systems. Stocking rates
should be low enough to maintain 15 to 20 cm of leaf material. Continuous grazing is a relatively
inexpensive and simple way for producers to graze (Allen and Collin, 2003; Ball et al., 2015).
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Forage Sampling
Forage availability in terms of herbage mass (the total quantity of forage available to a
grazing animal) is one major concern of many producers when it comes to grazing and pasture
management. One tool that is used to assess herbage mass is using either a rising or falling plate
meter to measure forage heights. A falling plate meter is a weighted disk meter that is made of
acrylic or metal that slides over a metal rod that has etched measurements. This plate will move
down the shaft end and compress the forage canopy until the weight of the plate is supported and
then the measurement is recorded visually (Rayburn and Lozier, 2003). Using either a rising or
falling plate meter to measure forage height in a given area is considered indirect measurement
(Fehmi and Stevens, 2009). Direct measurement involves harvesting and bagging fresh forage to
be put into a forced-air oven. Forage is weighed before being placed into an oven and after being
removed to determine yield and dry matter percentage (Fehmi and Stevens, 2009).
Using both indirect and direct measurements (double sampling) can aid in accurately
determining forage availability in terms of herbage mass. Both Wilm et al. (1944) and Burns et
al. (1989) discuss that a regression equation can be developed for multiple sampling dates with
direct measurements (harvested forage) as the dependent variable and indirect measurements
(sward heights) as the independent variable. A study that was conducted by Dubeux et al. (2016)
also used the double-sample technique to estimate herbage mass. In this research, height
measurements were taken every 14d by an aluminum disk plate with 30 measurements per
pasture of three small grain-annual ryegrass mixtures. Forage was harvested every 28d. Mean
heights were regressed against forage dry matter yields to produce a regression equation to
estimate herbage mass. During this research, the double-sampling technique showed differences
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in herbage mass among species between years and within each year and gave an in depth look at
forage availability while cattle grazed.
Forage Production Systems Utilized in the Southeast U.S.
Warm-season Forages
In the Southeast U.S., forage systems are dominated by warm-season grasses. The
majority of permanent pastures are predominately perennial grasses such as bermudagrass - as a
monoculture, or in mixtures with - bahiagrass, dallisgrass, and the cool-season perennial grass
tall fescue (Schedonorus arundinacea Schreb.). Warm-season annuals such as: sorghum x
sudangrass, crabgrass [Digitaria sanguinalis (L.) Scop.], and pearl millet [Pennisetum glaucum
(L.) R. Br.] are also grazed along with legumes (Ball et al., 2015). Warm-season grass mixtures
are advantageous because of high yields and fast growth (Lemus, 2015). Biochemical and
anatomical features of warm-season forages have a negative effect on nutritive value as such,
warm-season forages do not generally provide the high nutritive valued that are common to coolseason forages. Leaves of C4 warm-season forages are composed of a vascular bundle that is
enclosed by thick layers of parenchyma bundle sheath cells and do not have a lot of thin-layered
mesophyll tissue as C3 cool-season forages (Barbehenn et al., 2004; Vendramini, 2010). The C4
warm-season forages contain more thick-layered parenchyma bundle sheath cells that contribute
to components of the cell wall such as cellulose and hemicellulose than the C3 cool-season
forages. The greater concentrations of cellulose and hemicellulose in warm-season forages
reduce the relative concentration of crude protein and soluble carbohydrate compared to coolseason forage (Barbehenn et al., 2004; Vendramini, 2010).
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Cool-season Forages
Grazing cool-season grasses extends the grazing season and decreases the need for hay or
grain supplementation. In Mississippi, cool-season forages (including grasses and legumes) are
widely used when mean temperatures are between 10°C to 30°C (Butler et al., 2017; Lemus,
2017b). The advantages of grazing cool-season grasses are that they generally are of greater
nutritive value than warm-season perennial grasses and are very productive during fall, winter,
and spring months (Ball et al., 2015). However, some cool-season perennials have limited longterm survival due to of heat stress and competition with weeds and other warm-season annual
species (Redfern and Nelson, 2003).
According to White and Lemus (2014) annual ryegrass is a widely utilized cool-season
annual forage in Mississippi. More than 202,000 ha are planted in annual ryegrass every year in
Mississippi, primarily for grazing stocker cattle, or for hay and baleage production. Annual
ryegrass is often overseeded in the autumn from September to October into dormant warmseason grass pasture (White and Lemus, 2014). Annual ryegrass is widely planted due to its ease
of establishment, high yields, excellent nutritive value, adaptation to many soil types, and its
relatively high palatability and digestibility (Redfern and Nelson, 2003). Overall, annual ryegrass
serves as a desirable forage for many cattle producers in the state of Mississippi.
Annual Ryegrass
Origin
Annual ryegrass, sometimes called “Italian” ryegrass is a biennial cool-season grass
native to southern Europe. Historically, the first reported annual ryegrass cultivated for grazing
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was in Italy, and then reported in France (1818), Switzerland (1820), and England (1831). The
date of introduction to North America is unknown, however, annual ryegrass was used during
early Colonial times, as early as 1776, and became a very important forage crop, especially in the
southern United States (Lacefield et al., 2003).
Characteristics
Annual ryegrass is a bunch-type grass that tillers extensively (Blount and Prine, 2016). It
is identified by its erect culms, dark green, shiny, glabrous leaves that are 4 to 8 mm wide with
smooth edges. Membranous ligules with clasping auricles distinguish annual ryegrass from
perennial ryegrass which has non-clasping auricles. The annual ryegrass inflorescence has awns
on its spike while perennial ryegrass lacks awns. The seed head of annual ryegrass (a spike) has
35 to 40 spikelets arranged alternately, with 10 to 20 fertile florets per spikelet (Casler and
Kallenbach, 2007; Ball et al., 2015). The upper surface of an annual ryegrass leaf is ribbed, shiny
on the lower surface, and has a distinct midrib (Casler and Kallenbach, 2007). Annual ryegrass
grows to a height of 0.6 to 1.5 m if uncut, and has a deep fibrous root system (Blount and Prine,
2016).
Establishment
In the state of Mississippi, annual ryegrass is typically established from early September
until mid-October (White et al., 2015). Annual ryegrass can be seeded as a monoculture or can
be mixed with other cool-season annual grasses such as cereal rye (Secale cereale L.) and winter
wheat (Triticum aestivum L.) along with legumes to decrease nitrogen fertilizer needs and to
increase forage nutritive value (Casler and Kallenbach, 2007). Annual ryegrass can be
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established either in a prepared seed bed or overseeded into a no-till perennial warm-season sod
(also called sod-seeding). A major problem observed with overseeding into existing pastures is
controlling the growth of the existing forage that is in the pasture (Lemus, 2018). Managing
growth of the existing forage aids in germination and establishment of annual ryegrass while
reducing the risk of competition by the existing forage. Existing forage should be clipped or
grazed to less than 5 cm in height prior to planting (Lemus, 2018). In some instances, chemical
burndown can be used for suppression of existing vegetation. Sod-seeding annual ryegrass is
commonly accomplished by using a specially designed no-till drill. Use of a no-till drill allows
for more seed to soil contact compared broadcasting seed (Lemus, 2018). Annual ryegrass is well
adapted to a range of soil types and pH, but best growth generally occurs at pH 5.6 or greater
(Blount and Prine, 2016).
Research conducted by Cuomo and Blouin (1997) established annual ryegrass with
tillage and no-till with mowing, glyphosate, or paraquat to control warm-season grasses. They
showed early forage production was negatively affected in a no-till compared to tillage system.
However, under no-till, control of weeds or warm-season forages requires an application of
herbicide to aid in the establishment of annual ryegrass.
Ball et al. (2015) suggest that seeding rates should range from 22.4 to 33.6 kg ha-1 if
planted as a monoculture and 11.2 to 16.8 kg ha-1 when planted in a mixture with other species.
Seed should generally be planted at a depth of 0.64 to 1.27 cm (Lacefield et al., 2003). Blount
and Prine (2016) advise cultipacking or dragging the soil following planting to ensure good seed
to soil contact.
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Seeding Rate by Weight versus by Seed Number
Tetraploid annual ryegrass seed is larger than diploid annual ryegrass seed. It has been
noted that larger seed size of tetraploid cultivars require an increase in seed rate to match the
number of diploid seed being planted (Harkess, 1965; Balocchi and López, 2009). However,
research indicates that differences in seed size among annual ryegrass cultivars does not affect
total yield, and increasing tetraploid seeding rate to match diploid seed being planted would not
be advantageous.
Harkess (1965) reported a variation in seed size when comparing diploid and tetraploid
annual ryegrass. In this study, two cultivars of annual ryegrass (one diploid, one tetraploid) with
different seed size were planted to compare number of tillers, leaves and root and shoot yield.
Mean individual seed weights ranged from 1.8 to 3.4 mg for the diploid cultivar and 3.4 to 6.2
mg for the tetraploid cultivar. Results reported that d46 and d54 the diploid cultivar had more
leaves and tillers than the tetraploid cultivar during only the last two observation dates (d46 and
d54). The tetraploid cultivar produced 54% greater dry matter yield than the diploid cultivar
across the first 30d, after which shoot yields were not significantly different. Harkess (1965)
pointed out that the heavier seed of the tetraploid may give an advantage in the early life of a
seedling, but that advantage does not last through growth and production.
Another study conducted by Brockus and Shroyer (1996) evaluated forage production of
four winter wheat cultivars with seed of different sizes. Seed size was determined by a
combination of seed length and mean test weight (TWT). The three seed sizes used were: small <
0.20 cm, TWT = 62.5 kg hL-1; medium 0.20 to 0.24 cm, TWT = 70.0 kg hL-1; and large > 0.24
cm, TWT = 77.4 kg hL-1. Results indicated there were no differences in forage production due to
seed size.
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A study that was conducted by Venuto et al. (2004) assessed the effect of four seeding
rates on yield of three annual ryegrass cultivars at four locations in Louisiana. The four seeding
rates that were used were 400, 800, 1,200, and 1,600 pure live seed (PLS) m-2. Results indicated
that greater seeding rates did not affect total yield, and there was no advantage in increasing
seeding rate beyond 800 PLS m-2. There are first-harvest yield benefits associated with
increasing seeding rate, but total yield does not increase.
Forage Nutritive Value
Annual ryegrass is utilized in forage production systems in large part because of its
excellent forage nutritive value. Concentration of crude protein (CP) often exceeds 200 g kg-1,
whereas acid detergent fiber (ADF) and neutral detergent fiber (NDF) are commonly below 220
g kg-1 and 400 g kg-1, respectively. This highly digestible forage can support milk yields of 34
kg head -1 d-1 in lactating cows and gains of 0.5 to 1.5 kg head-1 d-1 for stocker cattle. Annual
ryegrass in its vegetative stage is more than 70% digestible during the beginning of the grazing
season (Lippke and Ellis, 1997; Casler and Kallenbach, 2007).
Annual ryegrass has many advantages as a cattle feed, but also has some anti-quality
issues. Cattle producers using annual ryegrass for pasture commonly battle grass tetany among
their cattle herds. Considered a metabolic disorder, grass tetany, also known as “grass staggers”
or hypomagnesemia occurs in cattle when the diet is low in magnesium or calcium. Forage
consumed that is low in magnesium causes concentration in the blood to decline to critical levels.
Clinical signs of grass tetany include: muscle twitching, lack of coordination, labored breathing
and frequent urination (Barnes et al., 2003; Parish, 2007). Severe cases eventually lead to
seizures and death if left untreated (Collins and Hannaway, 2003; Parish, 2007). Grass tetany can
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affect lactating cows as long as 60 days after calving, and also manifests among heifers, calves
and steers (Parish, 2007). Grass tetany can develop any time the daily temperatures range from
4.5°C to 15.7°C due to rapid plant growth (Collins and Hannaway, 2003). Parish (2007) explains
that forages grown on soils low in phosphorus, but high in potassium and nitrogen, may produce
forage low in magnesium and calcium. High levels of potassium in the forage with high levels of
certain organic acids, fatty acids, and non-protein nitrogen reduce the ability of magnesium to be
absorbed by the animal (Collins and Hannaway, 2003). Offering supplemental magnesium to
cattle diets is an effective management strategy for grass tetany prevention.
Another problem for cattle producers using annual ryegrass occurs with the approach of
maturity, when nutritive value decreases. Beck et al. (2013) showed that as the plant ages, its
nutritive value declines and fiber concentrations increase. This is the case with annual ryegrass
harvested for hay after boot stage or when there is a low stocking rate coupled with a forage
surplus. There is a decrease in leaf-to-stem ratio, and this causes a decline in nutritive value as
well as palatability (Ball et al., 2001). When annual ryegrass senesces and seed matures, total
digestible nutrients (TDN) and CP concentrations drop. Consumption by cattle is negatively
affected as forage matures and becomes greater in fiber, which in term can reduce average daily
gain (Ball et al., 2001).
Ploidy Levels
Annual ryegrass seed is commonly available in two different ploidy levels. Cultivars can
be either diploid (2n = 2x = 14) or tetraploid (2n = 4x = 28) (Ball et al., 2015). Forage breeders
began creating tetraploid cultivars in 1985, prior to which, all commercially available annual
ryegrass cultivars were diploid. Tetraploid plants are obtained by treating diploid seedlings with
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colchicine, an alkaloid that originates from autumn crocus (Colchicum autumnale L.) (Briggs
and Knowles, 1967; Nelson et al., 2006; White and Lemus, 2014). Colchicine disrupts mitosis by
preventing spindle fibers from attaching to centromeres during metaphase, thus disrupting polar
separation of sister chromatids during anaphase. As a result, the restored nuclear envelope has
twice the number of chromosomes (Biggs and Knowles, 1967). Nelson et al. (2006) explains the
reason for production of annual ryegrass tetraploids is that tetraploid plants usually contain larger
cells, conferring wider leaves and an overall larger plant size. Characteristics such as increased
seedling vigor, lower population of tillers, and a lower dry matter percentage are also generally
attributed to tetraploids (Jung et al., 1996). According to literature the increased cell size of
tetraploids increases cell contents. The result of greater cell contents increases the concentration
of proteins, lipids, and soluble carbohydrates which, in return improves digestibility of
tetraploids relative to diploids (Balocchi and López, 2009).
Diploid Commercial Cultivars Used in This Study
Marshall
One of the most widely used annual ryegrass cultivars, Marshall was released in 1980 by
the Mississippi Agricultural and Forestry Experiment Station. Marshall was obtained by 29 years
of natural selection from ‘common’ ryegrass at the North Mississippi Branch Experiment Station
at Holly Springs, (Marshall County) MS. Marshall is a late-maturing diploid, with high cold
tolerance, good seedling vigor and excellent forage yields in the early spring. It was
experimentally known as “Mississippi Reseeding” because it reliably reseeded if allowed to
mature (Arnold et al., 1981).
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Tam 90
Released by the Texas Agricultural Experiment Station in 1990, the annual ryegrass
cultivar Tam 90 (Reg. no. CV-148 PI 547110) was selected from a polycross of three diploid
parental lines that included Gulf, Marshall, and the breeding line TX-R-78-2 between the years
of 1982 to 1983 in Overton, TX. Seed were bulked from plants that exhibited desirable traits and
further selected in Amarillo, TX for improved winter-hardiness. Thirty five plants were selected
from a space-planted nursey in Overton, TX based on wide leaves, seedling vigor, winterhardiness and potential for high forage yield. These individuals were transplanted in an isolated
crossing block to produce seed. The progeny were evaluated for yield, animal performance,
winter-hardiness and disease resistance. Tam 90 is a mid- to late- maturing cultivar that is
resistant to crown rust (Puccinia coronate Corda.) and stem rust (Puccinia graminis) (Nelson et
al., 1992)
Gulf
Gulf annual ryegrass was directly selected from the Uruguayan line ‘La Estanzuela 284’.
Seed of La Estanzuela was first introduced to United States in 1950 as accession number P.I.
193145 by the U.S. Department of Agriculture. Eight years later, Gulf was released by the Crop
Research Division, ARS, and Texas Agriculture Experiment Station. Gulf is considered an earlymaturating cultivar that is well adjusted for use along the coastal areas of Texas and Louisiana
and is resistant to crown rust (Weihing, 1963).
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Tetraploid Commercial Cultivars Used in This Study
Jumbo
Jumbo (Reg. no. CV-220, PI 614099) is a tetraploid annual ryegrass cultivar that was
created by doubling chromosomes in the diploid cultivar ‘Surrey’. Surrey was produced by four
cycles of phenotypic selection from the common diploid cultivar Marshall. Surrey was selected
for high seed and forage yield, late maturity, and resistance to crown rust, stem rust, and leaf spot
(Drechslera spp.). Jumbo was released in 1999 by the University of Florida, Institute of Food
and Agricultural Sciences. Jumbo is a late maturing cultivar that has a high degree of resistance
to stem and crown rust (Prine, 1996; Prine et al., 2002).
Nelson
Nelson (Reg. No. CV-257, PI 658137) annual ryegrass is a tetraploid that is a result of a
three-way cross of Jumbo and two breeding lines TXR2000-T2 and TXR2002-T17. Nelson is
related to the diploid cultivar Tam 90 through the breeding lines TXR2000-T2 and TXR2002T17, which-were derived from Tam 90. These diploid lines were treated with colchicine, the
tetraploid products were then crossed with Jumbo. The three-way cross was grown in adjacent
rows and isolated from other annual ryegrass. The progeny of these plants were evaluated for
high forage yield potential based on the characteristics of leaf width, plant size, and increased
tillering. Plants that lacked these characteristics were removed prior to anthesis. As a result,
Nelson produces excellent forage yield, and shows good winter hardiness and crown rust
resistance (Nelson et al., 2007; Nelson and Crowder, 2011; Nelson et al., 2011).
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Yield Comparison of Diploid versus Tetraploid
Use of diploid and tetraploid cultivars in many crop species has led to competing theories
that tetraploids have a yield advantage over diploids (Comai, 2005; Te Beest et al., 2012), as well
as reports of no differences between cytotypes (Nelson et al., 2006; White and Lemus, 2014).
Nelson et al. (2006) conducted a 5-year study in Florida, Georgia, Alabama, Mississippi,
Louisiana, and Texas. In this study, the authors specifically compared mean yields of diploid and
tetraploid annual ryegrass cultivars in northern and southern locations of each state. The results
indicated that in the northern parts of Georgia, Alabama and Mississippi, tetraploid cultivars
produced five to 14 percent less dry matter yield than diploids. In northern Louisiana, diploids
yielded two percent greater than tetraploids. In Florida, yields were equal. In southern Texas and
Louisiana, tetraploids yielded five to 12% greater than diploids. Generally, at the more northern
latitudes, diploids had a yield advantage. The authors concluded this may be due to greater
winter-hardiness and recovery of the diploid cultivars.
Another study conducted by White and Lemus (2014) reviewed 25 years of data from the
Mississippi Annual Cool Season Forage Variety Trials. The authors specifically compared yields
of 10 diploid and 10 tetraploid ryegrass cultivars at four locations across the state. At the
southernmost location, tetraploid cultivars Big Daddy (7,681 kg ha-1) and Jumbo (6,645 kg ha-1)
had greater mean yields than the diploid cultivars Marshall (5,462 kg ha-1) and Tam 90 (5,631 kg
ha-1). At Newton, mean yields of the diploid cultivars Marshall (8,051 kg ha-1) and Tam 90
(7,853 kg ha-1) were significantly greater than the yields of the tetraploid cultivars Big Daddy
(6,608 kg ha-1) and Jumbo (7,605 kg ha-1).
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Forage Nutritive Value Comparison of Diploid versus Tetraploid
Research conducted by Orr et al. (2005) compared forage nutritive value (specifically
digestibility, nitrogen concentration and water-soluble carbohydrates) of two diploid (‘Belramo’
and ‘Glen’) and two tetraploid (‘Rosalin’ and ‘AberExcel’) perennial ryegrass cultivars. The
authors reported diploids had greater digestibility, but tetraploids contained greater nitrogen
concentration. Another study conducted by Katova et al. (2008) also compared crude protein,
crude fiber, water soluble carbohydrates, and dry matter digestibility of three diploid and three
tetraploid perennial ryegrass cultivars. It was observed that tetraploids were greater in crude
protein, water soluble carbohydrates (WSC), and dry matter digestibility, while diploid cultivars
had greater crude fiber.
A two-year preference study was conducted by Solomon et al. (2014) in Raymond, MS.
This study observed grazing preference between two diploid cultivars (Marshall and Gulf) and
two tetraploid cultivars (‘Maximus’ and Nelson) of annual ryegrass. Differences were observed
only in the first year of the study. Tetraploids were greater in IVTD, CP, and WSC than diploids.
Whereas diploids were greater in ADF and NDF. This indicates tetraploids are more digestible
than diploids.
Animal Performance
Annual ryegrass is a productive forage that has potential to produce respectable cattle
weight gain. Research conducted in Arkansas by Beck et al. (2008) compared weight gain of
cattle grazing tall fescue, wheat and cereal rye mix, and annual ryegrass throughout fall, winter,
and spring. Average daily gain of cattle grazing annual ryegrass during the spring of year one
was 1.12 kg d-1. Ryegrass body weight hectare-1 was consistently in the greatest category, greater
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than wheat, Ky-31 tall fescue, and occasionally greater than JesupAR542 tall fescue and HM11
tall fescue.
Other research conducted by McKee et al. (2017) saw cattle grazing monoculture annual
ryegrass or annual ryegrass mixed with legumes (red or white clover) gained as much or greater
than cattle grazing grass/legume mixtures of tall fescue and cereal rye. Average daily gain of
cattle grazing annual ryegrass and annual ryegrass/legume mixture ranged between 1.09 to 1.16
kg d-1, while annual ryegrass/rye mixture with and without a legume ranged between 0.76 to 1.16
kg d-1 and novel endophyte tall fescue with and without a legume ranged between 0.70 to 1.00 kg
d-1. Research conducted by both Beck et al. (2008) and McKee et al. (2017) show that annual
ryegrass with and without a legume provides cattle respectable gains.
Research observing performance of cattle grazing between annual ryegrass cytotypes is
limited. Research conducted by Orr et al. (2005) compared forage intake and weight gain of
cattle grazing between two diploid (‘Belramo’ and ‘Glen’) and two tetraploid (‘Rosalin’ and
‘AberExcel’) cultivars of perennial ryegrass. The authors reported no difference in intake rate or
daily body weight gain between diploid and tetraploid cultivars. Gowen et al. (2003) confirmed
no differences in final body weight of dairy cattle grazing between cytotypes of perennial
ryegrass.
In the Southeastern U.S., annual ryegrass is commonly used as a high at-yielding and
nutritious forage that producers rely on for during spring grazing. There are many diploid and
tetraploid annual ryegrass cultivars that are commercially available. Tetraploid annual ryegrasses
usually contain larger cells, have wider leaves and an overall larger plant size. Characteristics
such as increased seedling vigor, lower tiller population, and lower dry matter percentage are
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also generally attributed to tetraploids relative to diploids (Jung et al., 1996). These
characteristics have led to the belief that tetraploids have a yield advantage over diploids.
However, literature has shown differences in herbage mass between cytotypes of annual ryegrass
when grown in the northern versus southern regions of the southeastern U.S. Research has also
shown that tetraploid annual ryegrass is greater in digestibility with less ADF and NDF than
diploid cytotypes (Solomon et al., 2014). While increased digestibility and nutritive value of
tetraploids may contribute to increased weight gain, there has been little research on the effects
of ploidy level on body weight gain of cattle grazing different cytotypes.
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CHAPTER III
MATERIALS AND METHODS
Experimental Sites, Treatments, Design, and Establishment
In 2016 two diploid annual ryegrass cultivars and their corresponding tetraploid
analogues were established as pasture at the Mississippi State University Prairie Research
Unit near Prairie, MS (33°47’25.19” N, 88°39’35.50” W). In 2017, the study was
replicated at the Henry H. Leveck Animal Research Center (South Farm) at Mississippi
State University near Starkville, MS (33°26’15.63” N, 88°47’50.51” W). The soil type at
the Prairie Research Unit was uniformly a Houston Clay (very-fine, smectitic, thermic
Oxyaquic Hapluderts) (USDA, 2016). At Starkville, the soils of the research site were
composed of Freestone sandy loam (Fine-loamy, siliceous, semiactive, thermic
Glossaquic Paleudalfs), Catalpa silty clay (Fine, smectitic, thermic Fluvaquentic
Hapludolls), Houston silty clay (Fine, smectitic, thermic Oxyaquic Hapluderts), Kipling
silty clay loam (Fine, smectitic, thermic Vertic Paleudalfs), and Marietta fine sandy loam
(Fine-loamy, siliceous, active, thermic Fluvaquentic Eutrudepts) (USDA, 2018). Pasture
treatment layout and soil maps for years one and two can be found in Appendix A
(Figures A.1-A.4). Precipitation and temperature data for Prairie Research Unit and
Henry H. Leveck Animal Research Center can be found in Appendix A (Figure A.5-A.8)
Prior to planting, soil samples were taken, and fertility amendments applied as per soil
test recommendations for cool-season grass pasture (Waypoint Analytical, Memphis,
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TN). Prior to planting, during year one and two, control of annual broadleaf weeds was
accomplished with an application of Banvel® [dimethylamine salt of dicamba (3,6dichloro-o-anisic acid; 40%) 48.2%] (Arysta Lifesciences, 2017) at a rate of 0.56 kg ae
ha-1 after annual ryegrass reached the four leaf stage. During year two an application of
Banvel® and a controlled burn was conducted on pastures and fence rows to control
annual and residual perennial weeds. Pastures for year one and year two were mowed to a
height of 13 to 15 cm.
Four annual ryegrass cultivars were established in separate pastures with four
replications each. Seed of the following cultivars: Marshall (2x) [Oktibbeha Co. Farmers’
Cooperative; (Starkville, MS)], Jumbo (4x), Tam 90 (2x) and Nelson (4x) [East Texas
Seed Company; (Tyler, TX)] were no-till drilled at a rate of 11.3 kg ha-1 PLS at a depth of
0.75 cm. Planting was accomplished using a John Deere® 750 (Deere & Company,
Moline, IL) 8-row precision no-till box drill and an Aitchison GF 2018C (Aitchison,
Morrinsville, Waikato New Zealand) 18-row precision no-till box drill (year two) There
was concern about cytotypes having different seed sizes. Tetraploid seed is often larger
than diploid annual ryegrass seed thus would change the planting weight. During years
one and two, seed size was determined by counting the number of seed per one gram
subsample, utilizing six replications per seed lot. Differences were not significant in year 1,
and were minor in year 2. It was decided that to mimic common producer practices, it was
not necessary to increase seeding rate of tetraploid cultivars.

Cultivar treatments were arranged in a randomized block design, with four
replications [Marshall (2x), Tam 90 (2x), Jumbo (4x), and Nelson (4x)]. These cultivars
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were chosen because of their relative genetic similarity. Jumbo was derived from the
cultivar Marshall. Nelson is related to the diploid cultivar Tam 90.
Animals and Grazing Management
This experiment and animal handling procedures were approved by the
Mississippi State University Institutional Animal Care and Use Committee (IACUC # 17148). During year one, 32 Angus x Charolais steers (Bos taurus) were used for a 56 day
grazing period at Prairie. In year two at Starkville, 64 continental cross bred steers (Bos
taurus with no Bos indicus influence) were used for an 82-day grazing period. Cattle
were acclimatized on a Gulf annual ryegrass pasture for 7 to 10 days prior to their
introduction to treatment pastures. Body weight was stratified within treatment and
pastures were assigned. Pastures were continuously stocked during the grazing period
using a set stocking rate. During year one, two steers were randomly assigned to each of
the four 1-ha pasture treatments and during year two, four steers were randomly assigned
to each of the four 0.81 ha pasture treatments. Cattle were continuously grazed on
pastures for a target 100d grazing period. Mineral supplement [Year one: Purina Wind
and Rain Fescue (Ca = min. 100 and max. 120 g kg-1, P = min. 70 g kg-1, Salt (NaCl) =
min. 190 and max, 210 g kg-1, Mg = min. 10 g kg-1, K = min. 3 g kg-1, Zn = min. 4,800
mg kg-1, Mn = min. 4,800 mg kg-1, Cu = min. 1,600 g kg-1, Co = min. 16 mg kg-1, I =
min. 80 mg kg-1, Se = min. 27 mg kg-1, Vitamin A = min. 660,000 units per kg, Vitamin
D = min. 66,000 units per kg, Vitamin E = min. 660 units per kg) and Year two: Purina
CS Balancer R1200 Medicated (Ca = min 247 g kg-1 and max 297 g kg-1, P = min 10 g
kg-1, Salt (NaCl) = min 175 g kg-1 and max 210 g kg-1, Mg = min 1 g kg-1, K = min 0.5 g
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kg-1, Mn = min 1,600 units per kg, Co = min 10 units per kg, Cu = min 800 units per kg, I
= min 20 units per kg, Se = min 12 units per kg, Zn = min 2,400 units per kg, Vitamin A
= min 159,500 units per kg, Vitamin D3 = min 22,000 units per kg, Vitamin E = min 616
units per kg] and fresh water were provided ad libitum.
Initial and final unshrunk body weights were the mean of two consecutive days’
weighing. Body weights were also taken for each steer at day 0 and every 28 days
throughout the season. Specific dates when body weights were taken can be found in
Table 3.1. Cattle were introduced to acclimatization pastures on 22 March, 2017 during
year one and 8 March, 2018 during year two. Cattle were transferred to test pastures on 4
April, 2017 during year one and 15 March, 2018 during year two. After each weighing,
individual steers were returned to their appropriate treatment. All weights were recorded
and were used to calculate average daily gain (ADG) using the following equation:
ADG = End mean body weight – Beginning mean body weight
Number of days

Table 3.1
Year
2017
2018

(Eq. 3.1)

Dates when body weights were taken throughout the grazing season in
Prairie, MS and Starkville, MS.
Location
Prairie
Starkville

3 Apr
14 Mar

4 Apr
15 Mar

Weigh Dates
2 May
30 May
12 Apr
10 May

31 May
4 June

5 June

Data Collection
Visual canopy cover ratings were taken based on scale of 1 to 5; where 1 is poor;
less than 20% of total pasture coverage and 5 is excellent; greater than 80% of total
pasture coverage. Herbage mass was collected every 14 days using a double sample
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method technique (Wilm et al., 1944; Burns et al. 1989). Fifty measurements were taken
in each of the 16 pastures. Sward height was recorded directionally by walking a fixed
number of steps to cover five diagonal lines zigzagging across the pasture. Height
measurements were obtained using a falling plate meter consisting of a 46 x 46 x 0.5 cm.
acrylic plate that slides freely on a meter stick (Barnhart, 2009). Herbage was collected
from three 0.25 m2 quadrats, harvested 2.5 cm above ground level from areas
representing the minimum, mean and maximum heights of the 50 falling plate meter
measurements in each pasture (Burns et al. 1989). Contents of one quadrat were
botanically separated to determine species composition, while biomass harvested from
quadrats two and three were used to determine forage availability and nutritive value.
Herbage was weighed, dried in a forced-air oven (Precision Quincy Corporation,
Woodstock, IL) at 50°C until there was no change in weight. Dry weight was used to
determine dry matter (DM). All forage samples collected were ground to pass through a 1
mm screen in a Wiley mill (Thomas Scientific, Swedesboro, NJ) to be analyzed by near
infrared reflectance spectroscopy. Regression was used to estimate available herbage
mass in each pasture. Seasonal herbage mass was calculated from the mean of all the
herbage mass samples that were taken throughout the grazing season (Burns et al. 1989;
Dubeux et al. 2016).
In-vitro dry matter digestibility and RFQ were assessed using infrared
spectroscopy (NIRS; Foss DS2500C®; Foss Analytical, Höganӓs, Sweden). The Grass
Hay Equation and Mixed Hay Equation (NIR Forage and Feed Testing Consortium,
Hillsboro, WI) were used to estimate ADF, CP, NDF, and IVDMD. Because nutritive
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values are quite complex, RFQ was calculated as a factor of interest using the following
equation:
Calculation: RFQ = TDN x DMI
1.23
Where: TDN (% of dry matter) = 96.35 – (% ADF x 1.15)
DMI (% of body weight) = _120__
% NDF

(Eq. 3.2)

Grazing exclusion cages were also used to collect forage samples to observe
regrowth of pastures. In each pasture, four steel 1 m2 wire cages were placed randomly.
Falling plate meter heights were taken within the caged area every 14 days. Two cages
were harvested 2.5 cm above ground level after height measurements to observe regrowth
and seasonal forage yield. The remaining two caged areas were unharvested for the
duration of the season.
Statistical Analysis
The statistical design that was used during this project was a randomized
complete block design. This design was blocked by replication (r = 4). Treatments were
annual ryegrass cultivars (p = 4) and experimental unit were pasture. Independent
variables were; year, cultivar, and harvest dates. Dependent variables were; average daily
gain, body weight, gain ha-1, visual emergence rating, forage availability, seasonal dry
matter yield, nutritive value, and regrowth. Interactions that were test were; year x
cytotype, year x cultivar, harvest date x cytotype, and harvest date x cultivar. Data was
analyzed using PROC GLM in the General Linear Model of SAS® software, Version 9.4
(SAS Institute, Cary, NC, 2013). Means were separated by the least significant
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difference. Tukey’s LSD was used to determine significance of differences at α = 0.05 for
mean separations.
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CHAPTER IV
RESULTS
Year One
Seed Size
There were no differences in seed count among cultivars of annual ryegrass (P =
0.0650). These results indicated no differences in seed size among cultivars, so a uniform
seeding rate could be used
Visual Emergence Ratings
Emergence was affected by date (P < 0.0001) and cultivar (P < 0.0001). There
were no differences in visual emergence ratings between cytotypes (P = 0.0922). Visual
emergence ratings of annual ryegrass were greatest on 16 February and 2 March (Table
4.1). Emergence pooled across dates, among cultivars, showed that emergence for Nelson
was significantly greater than Jumbo and Tam 90, but not different from Marshall (Table
4.2)
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Table 4.1

Table 4.2

Mean visual emergence ratings and standard error of annual ryegrass by
date during year one. Rating, 1-5; 1 < 20% coverage, 2= 21-40%, 3= 4160%, 4= 61-80%, 5= >81% coverage.
Date

Rating

10 January 2017
1 February 2017
16 February 2017
2 March 2017
LSDα=0.05

2.00 (0.28)
3.63 (0.22)
4.44 (0.22)
4.25 (0.25)
0.58

Mean visual emergence rating and standard error by annual ryegrass
cultivar pooled across dates during year one. Rating, 1-5; 1 < 20%
coverage, 2= 21-40%, 3= 41-60%, 4= 61-80%, 5= >81% coverage.
Cultivar (cytotype)

Rating

Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

3.94 (0.26)
3.38 (0.39)
2.81 (0.26)
4.19 (0.34)
0.58

Forage Availability
Forage availability was affected by harvest date (P < 0.0001), cytotype (P =
0.0339), and cultivar (P = 0.0007). Forage availability of annual ryegrass on 27 April, 12
May, and 25 May was significantly greater than earlier harvest dates (Table 4.3). Forage
availability of tetraploid cultivars was greater than that of diploids (Table 4.4). Nelson
was significantly greater with respect to forage availability than the other cultivars (Table
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4.5). Forage height was not a dependable predictor of available forage among cultivars
(Figure 4.1)

Table 4.3

Mean dry matter yield and standard error of available forage of annual
ryegrass by harvest date during year one.
Harvest Date
17 March 2017
31 March 2017
13 April 2017
27April 2017
12 May 2017
25 May 2017
LSD α=0.05

Table 4.4

Dry Matter Yield
------------------------kg ha-1-------------------395.30 (44.69)
673.20 (82.43)
1105.10 (113.78)
1497.50 (137.15)
1603.00 (161.81)
1619.40 (159.31)
339.51

Mean dry matter yield and standard error of available forage by annual
ryegrass cytotype per harvest date during year one.
Cytotype
2x
4x
LSD α=0.05

Dry Matter Yield
------------------------kg ha-1-------------------1041.80 (77.65)
1256.00 (83.88)
199.22
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Table 4.5

Mean dry matter yield and standard error of available forage by annual
ryegrass cultivar per harvest date during year one.
Cultivar (cytotype)
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

Dry Matter Yield
------------------------kg ha-1-------------------1009.70 (107.69)
1005.80 (97.29)
1077.80 (112.50)
1502.40 (131.02)
277.21
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Marshall

Jumbo

Tam 90

Linear (Marshall)
Linear (Jumbo)
y = 205.11x - 1452.8
y = 133.97x - 692.08
R² = 0.5258
R² = 0.4439
4000

Linear (Tam 90)
y = 183.36x - 1367.2
R² = 0.6787

Nelson
Linear (Nelson)
y = 147.92x - 643.78
R² = 0.5124
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Figure 4.1

Mean dry matter yield of available forage among annual ryegrass cultivars during year one.
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Cumulative Seasonal Yield
There were no differences in seasonal yield between cytotypes (P = 0.8384) nor
among cultivars (P = 0.6515) during year one.
Nutritive Value
Acid Detergent Fiber
Acid detergent fiber on a dry matter basis was affected by a harvest date x cultivar
interaction (P = 0.0445). There were no differences in ADF between cytotypes (P =
0.1438). On 13 April, Jumbo and Nelson had significantly less ADF compared to Tam
90. On 27 April, Jumbo had significantly less ADF than Nelson. On 12 May and 25 May
as we approached the end of the growing season, there were no significant differences in
ADF among cultivars (Table 4.8).

Table 4.6

Mean acid detergent fiber and standard error of annual ryegrass on a dry
matter basis across harvest dates during the grazing season during year one
Harvest Date
13 April 2017
27 April 2017
12 May 2017
25 May 2017

Acid Detergent Fiber
----------------------- (%) ----------------30.40 (0.42)
35.98 (0.29)
37.74 (0.48)
37.74 (0.48)
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Table 4.7

Mean acid detergent fiber and standard error of annual ryegrass on a dry
matter basis by cultivar during the grazing season during year one
Cultivar
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)

Table 4.8

Acid Detergent Fiber
----------------------- (%) ----------------35.74 (0.59)
34.80 (0.53)
35.57 (0.47)
35.45 (0.67)

Mean acid detergent fiber and standard error among annual ryegrass
cultivars (cytotype) across harvest dates during year one.

Harvest Date
13 April 2017
27 April 2017
12 May 2017
25 May 2017

Cultivar
Marshall (2x) Jumbo (4x) Tam 90 (2x) Nelson (4x) LSD α=0.05
Acid Detergent Fiber
------------------------------------------- (%) -------------------------------30.50 (0.70) 29.80 (0.29) 31.80 (0.48) 29.10(0.48)
1.53
36.10 (0.31) 35.10 (0.60) 35.70(0.62) 36.80 (0.69)
1.46
1.79
38.50 (0.95) 37.20 (0.68) 36.90 (0.87) 38.00 (1.18)
38.50 (0.95) 37.20 (0.68) 36.90 (0.87) 38.00 (1.18)
1.79

Neutral Detergent Fiber
Neutral detergent fiber on a dry matter basis was affect by harvest date (P <
0.0001) and cultivar (P = 0.0017). There were no differences in NDF between cytotypes
(P = 0.8922). Annual ryegrass on 13 April, the earliest harvest date, had a significantly
lower NDF than the remaining harvest dates (Table 4.9). Jumbo and Tam 90 had
significantly less NDF compared to Marshall (Table 4.10).
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Table 4.9

Mean neutral detergent fiber and standard error of annual ryegrass on a dry
matter basis by harvest date during year one.
Harvest Date
13 April 2017
27 April 2017
12 May 2017
25 May 2017
LSD α=0.05

Table 4.10

Neutral Detergent Fiber
---------------------- (%) --------------------47.89 (0.62)
55.41 (0.53)
58.02 (0.77)
58.02 (0.77)
1.31

Mean neutral detergent fiber and standard error of annual ryegrass cultivar
on a dry matter during year one.
Cultivar (cytotype)
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

Neutral Detergent Fiber
----------------------- (%) -------------------55.77 (0.84)
54.38 (0.73)
53.84 (0.80)
55.13 (0.95)
1.31

In-Vitro Dry Matter Digestibility
In-vitro dry matter digestibility on a dry matter basis was affected by harvest date
(P < 0.0001). There were no differences in IVDMD between cytotypes (P = 0.3250) nor
among cultivars (P = 0.3700). In-vitro dry matter digestibility of annual ryegrass was
greatest for 13 April compared to the remaining harvest dates (Table 4.11).

Table 4.11

Mean in-vitro dry matter digestibility and standard error of annual ryegrass
on a dry matter basis by harvest date during year one.
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Harvest Date

In-Vitro Dry Matter Digestibility
------------------ (%) ---------------80.32 (0.52)
75.23 (0.46)
73.05 (0.50)
73.05 (0.50)
1.02

13 April 2017
27 April 2017
12 May 2017
25 May 2017
LSD α=0.05

Relative Forage Quality
Relative forage quality was affected by harvest date (P < 0.0001). There were no
differences in RFQ between cytotypes (P = 0.5724) nor among cultivars (P = 0.2436).
Relative forage quality of annual ryegrass was significantly greater for 13 April than the
remaining harvest dates (Table 4.12).

Table 4.12

Mean relative forage quality and standard error of annual ryegrass by
harvest date during year one.
Harvest Date

Relative Forage Quality

13 April 2017
27 April 2017
12 May 2017
25 May 2017
LSD α=0.05

167.19 (3.49)
137.22 (4.00)
129.28 (4.01)
129.28 (4.01)
13.33
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Crude Protein
Crude protein on a dry matter basis was affected by harvest date (P < 0.0001) and
cultivar (P = 0.0155). There were no differences between cytotypes (P = 0.1459). Annual
ryegrass on 13 April, CP was significantly greater compared to the remaining harvest
dates (Table 4.13). Crude protein of Tam 90 was greater than Marshall and Nelson, but
not Jumbo (Table 4.14).

Table 4.13

Mean crude protein and standard error of annual ryegrass on a dry matter
basis by harvest date during year one.
Harvest Date

Crude Protein
-------------------- (%) ------------------12.50 (0.21)
11.94 (0.27)
10.14 (0.25)
10.14 (0.25)
0.47

13 April 2017
27 April 2017
12 May 2017
25 May 2017
LSD α=0.05

Table 4.14

Mean crude protein on a dry matter basis by annual ryegrass cultivar during
year one.
Cultivar

Crude Protein
-------------------- (%) ------------------11.08 (0.28)
11.21 (0.23)
11.60 (0.30)
10.96 (0.28)
0.47

Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05
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Regrowth
Regrowth was affected by cultivar (P < 0.0001). There were no differences in
regrowth of annual ryegrass between cytotypes (P = 0.0751). Tam 90 and Nelson showed
greater regrowth compared to Marshall and Jumbo (Table 4.15).

Table 4.15

Mean regrowth among cultivars across harvest dates during grazing season
during year one.
Cultivars
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

Height
---------------------------cm-----------------------8.50 (0.47)
9.51 (0.39)
11.28 (0.45)
12.24 (0.48)
1.27

Botanical Composition
Botanical separation was made and composition taken to determine the presence
and relative amounts of other plant species in the research pastures. Data was pooled
across dates and pastures. For each cultivar planted there were differences in botanical
composition. Non-target species recorded were little barley (Hordeum pusillum), tall
fescue and broadleaf weeds such as henbit (Lamium amplexicaule), buttercup
(Ranunculus repens), etc. Mean weight of non-target species in pastures planted to
Marshall (P = 0.0605) and Tam 90 (P = 0.0005), did not differ from annual ryegrass.
51

Pastures planted to Jumbo showed no difference in annual ryegrass and little barley (P <
0.0001). Other weed species were present in only minor amounts. Nelson-planted
pastures were dominated by annual ryegrass (P < 0.0001) (Table 4.16).

Table 4.16

Mean weight and standard error of annual ryegrass, little barley, broadleaf
weeds and tall fescue pooled across harvest dates and pastures for each
annual ryegrass cultivar during year one.
Marshall (2x)

Cultivar
Jumbo (4x)

Tam 90 (2x)

Nelson (4x)

Species
---------------------------------------grams -----------------------------------Annual Ryegrass
8.34 (1.55)
12.04 (2.02)
10.96 (2.46)
22.49 (3.08)
Little Barley
7.66 (2.06)
10.19 (2.16)
9.64 (2.42)
15.70 (2.79)
Tall Fescue
2.57 (1.01)
1.74 (0.69)
0.51 (0.42)
0.78 (0.46)
Broadleaf
6.72 (1.73)
3.13 (0.71)
8.06 (1.46)
4.48 (1.23)
Weeds
4.56
4.36
5.27
6.09
LSD α=0.05

Animal Performance
Mean cattle body weight (BW) at beginning of the 2016 to 2017 grazing season
was 266 + 12 kg. Initial and d28 body weights of cattle grazing among cultivars were not
different (P = 0.7688 and P = 0.4751, respectively) (Table 4.21). Final mean body weight
of cattle grazing Jumbo was greater than that of cattle grazing Nelson (P = 0.1363) (Table
4.17). Average daily gain was affected by a date x cultivar interaction (P = 0.0267). At
d28, ADG of cattle grazing Jumbo was significantly greater than cattle grazing Nelson
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(Table 4.17). At the end of the grazing season (d56), ADG of cattle grazing Jumbo was
significantly greater than cattle grazing the other cultivars (Table 4.21). No differences
were observed in gain ha-1 of cattle grazing between cytotypes (P = 0.2326). However,
there were differences in weight gain ha-1 of cattle grazing among cultivars (P = 0.0250).
Cattle grazing Jumbo weighed more than those grazing Tam 90 and Nelson (Table 4.17).

Table 4.17

Body weights, average daily gain, gain ha-1 and standard error of cattle
grazing annual ryegrass cultivar during year one.

Item
Initial BW, kg
d28 BW, kg
Final BW, kg
0 to d28 ADG, kg d-1
0 to d56 ADG, kg d-1
Gain ha-1, kg ha-1

Marshall(2x)

Cultivar
Jumbo(4x)

Tam 90(2x)

Nelson(4x) LSD α=0.05

229 (5)
254 (5)
278 (6)
0.87 (0.09)
0.87 (0.09)
97 (11)

225 (5)
253 (4)
287 (7)
1.02 (0.08)
1.11 (0.06)
123 (12)

228 (5)
251 (4)
274 (4)
0.84 (0.07)
0.84 (0.06)
93 (9)

224 (6)
245 (4)
269 (4)
0.74 (0.09)
0.80 (0.08)
89 (10)
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13.95
12.67
16.00
0.22
0.21
28

Year Two
Seed Size
During year two differences in seed size, as measured by number of seed gram-1,
among annual ryegrass cultivars were observed (P < 0.0001). Number of seed gram-1 of
Marshall and Tam 90 was greater than Jumbo and Nelson indicating seed of these diploid
cultivars were smaller in size (Table 4.18).

Table 4.18

Mean seed count and standard error among cultivars of annual ryegrass
during year two.
Cultivar

Seed Count

Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

376 (6)
300 (4)
369 (3)
257 (2)
15

Visual Emergence Ratings
In year two, emergence was affected by date (P < 0.0001), cytotype (P = 0.0022),
and cultivar (P < 0.0001). Emergence ratings of annual ryegrass taken on 18 December
were significantly greater than ratings taken on 11 and 27 November (Table 4.19). When
pooled across dates, diploid emergence ratings were significantly greater than those for
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tetraploid cultivars (Table 4.20). Emergence of Marshall, Jumbo, and Tam 90 was greater
than Nelson (Table 4.21).

Table 4.19

Table 4.20

Mean visual emergence ratings and standard error of annual ryegrass by
date during year two. Rating, 1-5; 1 < 20% coverage, 2= 21-40%, 3= 4160%, 4= 61-80%, 5= >81% coverage.
Date

Rating

11 November 2017
27 November 2017
4 December 2017
18 December 2017
LSD α=0.05

2.38 (0.20)
3.63 (0.24)
4.38 (0.18)
4.75 (0.11)
0.45

Mean visual emergence ratings and standard error between cytotypes of
annual ryegrass during year two. Rating, 1-5; 1 < 20% coverage, 2= 2140%, 3= 41-60%, 4= 61-80%, 5= >81% coverage.
Cytotype

Rating

2x
4x
LSD α=0.05

4.06 (0.17)
3.50 (0.23)
0.36
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Table 4.21

Mean visual emergence ratings and standard error among cultivars of
annual ryegrass during year two. Rating, 1-5; 1 < 20% coverage, 2= 2140%, 3= 41-60%, 4= 61-80%, 5= >81% coverage.
Cultivar (cytotype)

Rating

Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

4.19 (0.26)
4.00 (0.26)
3.94 (0.23)
3.00 (0.34)
0.45

Forage Availability
Forage availability as measure by the double sampling technique (Wilm et al.,
1944; Burns et al. 1989) was affected by harvest date (P < 0.0001), cytotype (P =
0.0002), and cultivar (P = 0.0021). Forage availability of annual ryegrass for 8 May was
significantly greater than the majority of the harvest dates, except for 22 May (Table
4.22). Forage availability for diploid cultivars, Tam 90 and Marshall, were significantly
greater than forage availability of tetraploid cultivars Jumbo and Nelson (Table 4.23;
Table 4.24). Evaluation of the data indicates there was no significant relationship
between forage height and forage availability among cultivars in this study year (Figure
4.2).
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Table 4.22

Mean dry matter yield and standard error of available forage of annual
ryegrass between harvest dates during year two.
Harvest Date

Dry Matter Yield
--------------------kg ha-1-------------------1973.20 (123.61)
2600.20 (150.16)
3206.30 (134.22)
3248.50 (177.30)
3915.20 (296.34)
3455.20 (241.97)
537.68

13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018
LSD α=0.05

Table 4.23

Mean dry matter yield and standard error of available forage between
cytotypes of annual ryegrass during year two.
Cytotype
2x
4x
LSD α=0.05

Table 4.24

Dry Matter Yield
-------------------------kg ha-1---------------------3365.10 (127.18)
2767.70 (116.71)
311.82

Mean dry matter yield and standard error of available forage among annual
ryegrass cultivars during year two.
Cultivar (cytotype)
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

Dry Matter Yield
-----------------------kg ha-1----------------------3336.10 (199.10)8
2857.60 (160.06)
3394.10 (159.67)
2677.80 (170.34)
439.02
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Marshall

Jumbo

Tam 90

Linear (Marshall)
Linear (Jumbo)
y = 28.164x + 2786.5 y = 66.942x + 1106.6
R² = 0.0118
R² = 0.1094
9000

Nelson

Linear (Tam 90)
y = 28.913x + 2745.4
R² = 0.0185

Linear (Nelson)
y = 226.84x - 2862.4
R² = 0.6214
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Figure 4.2
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Mean dry matter yield of available forage among annual ryegrass cultivars during year two.
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45.00

Cumulative Seasonal Yield
Seasonal yield was affected by cytotype (P = 0.0024) and cultivar (P = 0.0157).
Diploid cultivars had greater cumulative yield than tetraploid cultivars (Table 4.25).
When evaluated by cultivar, the diploid cultivar, Tam 90, was greater in seasonal yield
than both tetraploid cultivars Jumbo and Nelson (Table 4.26)

Table 4.25

Mean seasonal yield and standard error between cytotypes of annual
ryegrass during year two.
Cytotype
2x
4x
LSD α=0.05

Table 4.26

Dry Matter Yield
------------------------kg ha-1 -------------------9547.90 (383.94)
7762.00 (375.01)
1102.20

Mean seasonal yield and standard error among cultivars of annual ryegrass
during year two.
Cultivar
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

Dry Matter Yield
------------------------kg ha-1 -------------------9118.30 (389.56)
7961.00 (374.84)
9977.50 (358.19)
7563.00 (402.07)
1576.20
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Nutritive Value
Acid Detergent Fiber
Acid detergent fiber on a dry matter basis was affected by harvest date (P <
0.0001), cytotype (P < 0.0001), and cultivar (P < 0.0001). Acid detergent fiber of annual
ryegrass was significantly less on 13 March compared to remaining, later harvest dates
(Table 4.27). Acid detergent fiber was significantly greater for diploid cultivars compared
to tetraploids (Table 4.28). Acid detergent fiber for Nelson was significantly less
compared to the other cultivars in this research study (Table 4.29).

Table 4.27

Mean acid detergent fiber and standard error of annual ryegrass on a dry
matter basis by harvest date during year two.
Harvest Date
13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018
LSD α=0.05

Acid Detergent Fiber
-------------------- (%) ------------------23.65 (0.20)
29.78 (0.25)
30.84 (0.24)
32.71 (0.31)
35.89 (0.35)
42.44 (0.37)
0.72
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Table 4.28

Mean acid detergent fiber and standard error on a dry matter basis between
cytotypes of annual ryegrass during year two.
Cytotype
2x
4x
LSD α=0.05

Table 4.29

Acid Detergent Fiber
--------------------- (%) -------------------33.72 (0.38)
31.39 (0.37)
0.43

Mean acid detergent fiber and standard error on a dry matter basis by
annual ryegrass cultivars during year two.
Cultivar
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

Acid Detergent Fiber
---------------------- (%) ------------------33.98 (0.55)
32.29 (0.52)
33.45 (0.52)
30.47 (0.51)
0.59

Neutral Detergent Fiber
Neutral detergent fiber on a dry matter basis was affected by harvest date (P <
0.0001), cytotype (P < 0.0001), and cultivar (P < 0.0001). Neutral detergent fiber of
annual ryegrass for the earliest sampling date, 13 March was significantly less compared
to remaining harvest dates (Table 4.30). When evaluating NDF by cytotype, diploid
cultivars had greater fiber than the tetraploid cultivars (Table 4.31). Nelson had
significantly less NDF compared to the other cultivars (Table 4.32).
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Table 4.30

Mean neutral detergent fiber and standard error of annual ryegrass on a dry
matter basis by harvest date during year two.
Harvest Date
13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018
LSD α=0.05

Table 4.31

Mean neutral detergent fiber and standard error on a dry matter basis by
annual ryegrass cytotypes during year two.
Cytotype
2x
4x
LSD α=0.05

Table 4.32

Neutral Detergent Fiber
-------------------- (%) ------------------39.40 (0.28)
47.41 (0.38)
48.70 (0.37)
51.71 (0.43)
55.50 (0.48)
65.29 (0.49)
0.98

Neutral Detergent Fiber
--------------------- (%) -------------------53.25 (0.52)
31.39 (0.50)
0.43

Mean neutral detergent fiber and standard error on a dry matter basis by
annual ryegrass cultivars during year two.
Cultivar (cytotype)
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

Neutral Detergent Fiber
---------------------- (%) ------------------53.40 (0.77)
50.46 (0.71)
53.10 (0.70)
48.37 (0.70)
0.59
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In-Vitro Dry Matter Digestibility
In-vitro dry matter digestibility on a dry matter basis was affected by a three-way,
harvest date x cytotype, interaction (P < 0.0001), and a harvest date x cultivar interaction
(P < 0.0001). On 13 March, there were no differences in IVDMD between diploid and
tetraploid cultivars. However, for the remaining harvest dates the two tetraploid cultivars
were greater in IVDMD compared to diploids (Table 4.36). There were no differences in
IVDMD on 13 March among cultivar. Nelson had a greater IVDMD than all other
cultivars on the remaining harvest dates (Table 4.37).

Table 4.33

Mean in-vitro dry matter digestibility and standard error of annual ryegrass
by harvest dates during year two.
Harvest Date
13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018

In-Vitro Dry Matter Digestibility
------------------ (%) ----------------86.99 (0.27)
82.17 (0.26)
79.71 (0.23)
76.66 (0.34)
73.24 (0.37)
65.81 (0.49)
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Table 4.34

Mean in-vitro dry matter digestibility and standard error by annual ryegrass
cytotypes during year two.
Cytotype

In-Vitro Dry Matter Digestibility
----------------------- (%) ----------------------76.14 (0.47)
78.72 (0.40)

2x
4x

Table 4.35

Mean in-vitro dry matter digestibility and standard error by annual ryegrass
cultivars during year two.
Cultivar (cytotype)
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)

Table 4.36

In-Vitro Dry Matter Digestibility
---------------------- (%) --------------------76.04 (0.67)
77.43 (0.57)
76.25 (0.47)
80.01 (0.55)

Mean in-vitro dry matter digestibility and standard error on a dry matter
basis among harvest date by annual ryegrass cytotype during grazing
season during year two.
Cytotype
2x

Harvest Date
13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018

4x
LSD α=0.05
In-Vitro Dry Matter Digestibility
--------------------------------IVDMD (%) --------------------------------86.70 (0.34)
87.28 (0.42)
1.07
81.17 (0.28)
83.18 (0.38)
0.93
78.82(0.24)
80.61 (0.34)
0.83
75.11 (0.42)
78.22 (0.42)
1.21
71.83 (0.49)
74.64 (0.49)
1.37
63.22 (0.58)
68.40 (0.61)
1.66
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Table 4.37

Mean in-vitro dry matter digestibility and standard error on a dry matter
basis among harvest date by annual ryegrass cultivar during grazing season
during year two.
Marshall (2x)

Cultivar
Jumbo (4x) Tam 90 (2x)

Nelson (4x)

LSD
α=0.05

Harvest Date
13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018

Dry Matter Yield
-------------------------------------------kg ha-1 -------------------------------86.55 (0.54)
86.57 (0.64) 86.85 (0.42) 88.00 (0.53)
1.50
80.80 (0.38)
81.64 (0.52) 81.55 (0.41) 84.72 (0.32)
1.16
78.37 (0.31)
79.64 (0.44) 79.26 (0.34) 81.58 (0.46)
1.10
75.75 (0.63)
76.79 (0.63) 74.48 (0.61) 79.64 (0.39)
1.61
71.79 (0.78)
72.79 (0.47) 71.87 (0.64) 76.49 (0.65)
1.81
62.95 (0.99)
67.15 (0.67) 63.49 (0.62) 69.66 (0.96)
2.32

Relative Forage Quality
Relative forage quality was affected by harvest date (P < 0.0001), cytotype (P <
0.0001), and cultivar (P < 0.0001). Relative forage quality of annual ryegrass on 13
March was significantly greater compared to the remaining harvest dates (Table 4.38).
Tetraploid cultivars were significantly greater in RFQ compared to diploids (Table 4.39).
Nelson was significantly greater in RFQ when compared to the other cultivars in this
study (Table 4.40).
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Table 4.38

Table 4.39

Table 4.40

Mean relative forage quality and standard error of annual ryegrass by
harvest date during the grazing season during year two.
Harvest Date

Relative Forage Quality

13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018
LSD α=0.05

172.42 (1.78)
129.05 (1.67)
123.08 (1.53)
112.11 (1.65)
98.13 (1.62)
71.91 (1.21)
3.80

Mean relative forage quality and standard error by annual ryegrass
cytoytype during year two.
Cytotype

Relative Forage Quality

2x
4x
LSD α=0.05

110.61 (1.61)
124.95 (1.31)
2.25

Mean relative forage quality and standard error by annual ryegrass cultivar
during year two.
Cultivar

Relative Forage Quality

Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)
LSD α=0.05

110.09 (2.69)
120.19 (2.88)
111.13 (2.58)
129.72 (3.01)
3.10
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Crude Protein
Crude protein on a dry matter basis was affected by harvest date (P < 0.0001),
cytotype (P = 0.0069), and a replication by cultivar interaction (P < 0.0001). Crude
protein of annual ryegrass on 13 March was significantly greater compared to the
remaining harvest dates (Table 4.41). Tetraploid cultivars were significantly greater in
CP compared to diploids (Table 4.42).

Table 4.41

Mean crude protein and standard error of annual ryegrass on a dry matter
basis by harvest date during year two.
Harvest Date
13 March 2018
30 March 2018
10 April 2018
26 April 2018
8 May 2018
22 May 2018
LSD α=0.05

Table 4.42

Crude Protein
-------------------------(%) ---------------------19.00 (0.34)
16.15 (0.31)
13.03 (0.23)
11.18 (0.22)
10.53 (0.29)
9.31 (0.23)
1.96

Mean crude protein and standard error on a dry matter basis by annual
ryegrass cytotype during year two.
Cytotype
2x
4x
LSD α=0.05

Crude Protein
----------------------- (%) --------------------12.90 (0.25)
13.50 (0.26)
0.43
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Table 4.43

Mean crude protein and standard error on a dry matter basis by annual
ryegrass cultivar during year two.
Cultivar
Marshall (2x)
Jumbo (4x)
Tam 90 (2x)
Nelson (4x)

Crude Protein
--------------------------(%) ---------------------12.79 (0.34)
12.71 (0.34)
13.01 (0.35)
14.29 (0.38)

Regrowth
Regrowth was affected only by date (P < 0.0001). There were no differences in
regrowth between cytotypes (P = 0.1397) nor among cultivars (P = 0.6627). Initial
height taken 22 March were significantly greater compared to the remaining dates.
Regrowth on 3 May was greater than regrowth on 19 April and 31 May (Table 4.44).

Table 4.44

Mean regrowth and standard error of annual ryegrass across dates during
year two.
Date
22 March 2018
5 April 2018
19 April 2018
3 May 2018
15 May 2018
31 May 2018
LSD α=0.05

Height
--------------------------cm -----------------------27.22 (1.08)
16.48 (0.54)
13.70 (0.34)
16.57 (1.58)
14.53 (0.38)
11.27 (1.34)
2.74
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Botanical Composition
Botanical composition was taken to observe non-target plant species present in
pastures. Analysis of the data indicated there were differences in dry weight of plant
species present in pastures. Pooled across dates and pastures, for each cultivar, were
differences in botanical composition. Non-target species found while collecting samples
from quadrat one were broadleaf weeds such as henbit, buttercup, etc. For all treatments,
the appropriate annual ryegrass cultivar dominated (Marshall (P < 0.0001), Jumbo (P <
0.0001), Tam 90 (P < 0.0001), and Nelson (P < 0.0001) (Table 4.45).

Table 4.45

Mean weight and standard error of annual ryegrass and broadleaf weeds
pooled across harvest dates and pastures for each annual ryegrass cultivar
during year two.
Marshall (2x)

Cultivar
Jumbo (4x)

Tam 90 (2x)

Nelson (4x)

Species
-------------------------------------------grams -----------------------------------Annual Ryegrass
72.50 (4.53)
66.31 (4.63) 83.14 (4.49) 60.42 (4.52)
Broadleaf
0.22 (0.12)
1.40 (0.41)
0.58 (0.25)
2.99 (0.60)
Weeds
8.96
9.20
8.88
9.03
LSD α=0.05

Animal Performance
Mean initial body weight of cattle at the onset of the study during the 2017 to
2018 grazing season were 214 + 15. There were no differences in initial body weight (P =
0.8769), body weight at d28 (P = 0.7382) nor at d82 (P = 0.4003) for cattle grazing
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among cultivars (Table 4.63). At d56 body weight of cattle grazing Tam 90 were greater
than body weight of cattle grazing Nelson (P = 0.1342), (Table 4.64). Average daily gain
was affected by a date x cultivar interaction (P =0.0070). At d28, there were no
differences in ADG of cattle grazing among cultivars (Table 4.64), but at d56, ADG of
cattle grazing Tam 90 was significantly greater than cattle grazing other cultivars. At d82,
ADG of cattle grazing Tam 90 was greater than ADG of cattle grazing Marshall (Table
4.64). There were no differences in gain ha-1 of cattle grazing between cytotypes (P =
0.2326). However there were differences in gain ha-1of cattle grazing among cultivars (P
= 0.0274). Gain ha-1of cattle grazing Tam 90 was greater than cattle grazing Marshall
(Table 4.46).

Table 4.46

Body weights, average daily gain, and gain ha-1 and standard error of cattle
grazing annual ryegrass cultivar during year two.
Marshall
(2x)

Item
Initial BW, kg
d28 BW, kg
d56 BW, kg
Final BW, kg
0 to d28 ADG, kg d-1
0 to d56 ADG, kg d-1
0 to d82 ADG, kg d-1
Gain ha-1, kg ha-1

216 (4)
247 (4)
280 (5)
291 (5)
1.12 (0.05)
1.15 (0.05)
0.92 (0.04)
371 (11)

Cultivar
Jumbo (4x)

212 (4)
245 (4)
282 (5)
293 (6)
1.16 (0.05)
1.24 (0.06)
0.99 (0.04)
399 (39)
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Tam 90
(2x)

Nelson
(4x)

228 (4)
250 (4)
295 (5)
305 (6)
1.29 (0.05)
1.44 (0.06)
1.10 (0.04)
445 (20)

224 (4)
244 (4)
279 (5)
298 (5)
1.14 (0.05)
1.19 (0.06)
1.04 (0.04)
419 (29)

LSD
α=0.05

24
13
15
17
0.19
0.15
0.13
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Environmental Conditions for Two Years
Prairie is located approximately 64.4 km northeast of Starkville, and variable
environmental conditions were experienced at both locations. For the 2016 to 2017
season at Prairie, weather data were recorded on site. At planting (October and November
2016), the mean temperature at Prairie was 1.40 to 3.22°C cooler than the 30-year mean.
As the growing season continued, mean temperatures remained cooler than the 30-year
mean across the majority of the months, except for January and February (Figure 4.3).
Rainfall at Prairie was less than the 30-year mean across all months, except for
November and May (Figure 4.4). The 2016 establishment period (October-November)
was classified as “exceptional drought” by the USDA. No precipitation was measured
from 17 July to 28 November 2016.
Weather data were recorded from the weather station located on H. H. Leveck
Animal Research Center. The 2017 to 2018 growing season was characterized by warmer
than the 30-year mean except, during the months of January and April (Figure 4.5).
During planting (October and November) rainfall was less than the 30-year mean. As
months progressed, rainfall was greater than the 30-year mean, except for the months of
January and May (Figure 4.6). There were many statistical interactions involving year
(location), cytotype, and cultivar due to the wide variability in weather across year,
precluding the pooling of data for the two study years.
Discussion
Environmental Effects
Year (location) had an effect on several measured response variables due to the
aforementioned soil and environment variability (especially precipitation) from year one
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to year two. The environment at Prairie was different compared to the Starkville
location. The soil type at Prairie was a uniform Houston Clay whereas Starkville was
composed of several types: Freestone sandy loam, Catalpa silty clay, Houston silty clay,
Kipling silty clay loam, and Marietta fine sandy loam. There was also substantial
variation in precipitation and temperatures between these locations/years. During 2016 to
2017, at planting (October), the mean temperature at Prairie was warmer than 30-year
average. As the growing season continued, mean temperatures were warmer than or
similar to the 30-year average, except for three months out of the growing season
(October, November, and December). Rainfall at Prairie was substantially less than the
30-year average across a majority of the growing season. The 2017 to 2018 growing
season, at Starkville, was warmer than the normal 30-year average except, for two month
(January and April) out of the growing season. During October, rainfall was less than the
normal 30-year mean. As months progressed into the growing season rainfall was above
the normal 30-year mean, except for two months (January and May). Wide variability in
temperature and especially precipitation statistical interactions on the crop (cytotype, and
cultivar).
Year One
During year one, early-season environmental factors played a major role in annual
ryegrass emergence and weed competition. These factors had subsequent effect on other
measured response variables concerning forage yield, quality and cattle weight gain.
Planting in year one was delayed by one month (1 October to 1 November) in an attempt
to temporally align planting with a precipitation event. During the month of October at
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Prairie, there was less than 0.5 cm of rainfall, and no additional precipitation until the end
of November. This delay in planting put us well beyond the recommended planting date
for annual ryegrass in Central Mississippi. The lack of early-season rain created an
unfavorable environment for seed germination, in conjunction with above average
temperatures, likely reinforced secondary seed dormancy in the annual ryegrass, and
further delaying emergence until soil temperature cooled. Delayed emergence and poor
prior weed management, made for a rich soil seed bank, opening a window for non-target
(undesirable) species such as little barley, tall fescue, buttercup, sour dock (Rumex
acetosa) nutsedge (Cyperus sp.) , etc. to become established, leading to competition with
seedling annual ryegrass seedlings.
As the season progressed, a broadleaf herbicide was applied and offered fair
control of buttercup, henbit, and sour dock. However, intensive competition from little
barley, uncontrolled by the herbicide, affected early seedling growth and establishment.
Undesirable species had a negative effect on annual ryegrass stands and contributed to
the results obtained during year one. On a dry matter basis, pastures ranged from 32 to
52% annual ryegrass, with 48 to 68% undesirable species, primarily little barley.
Research conducted by Grekul and Bork (2004) observed the impact of Canadian thistle
[Cirsium arvense (L.) Scop.] on perennial pasture production and reported that forage
loss was approximately 1.8 kg ha-1 for each kilogram of biomass of thistle. While the
predominant weed species present does not share growth characteristics with Canadian
thistle, its density was sufficient to make early-season growth and establishment of
annual ryegrass exceedingly difficult.
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In a similar study, Wells (1979) observed the effects of competition from multiple
undesirable species (including white iron weed [Vernonia noveboracensis (L.) Michx],
wild turnip [Brassica rapa (L.) var. rapa.], and purple deadnettle (Lamium purpureum
L.)) on dry matter biomass yield of wheat (Triticum aestivum (L.). The study showed
that as density of undesirable species increased, dry matter weight of undesirable species
also increased, which in return decreased density and dry matter of the wheat. Similarly,
in year one, annual ryegrass forage availability decreased significantly as percentage
composition and dry matter yield of undesirable species increased. Establishment of
undesirable species can negativity affect density and dry weight of desirable species that
we are trying to establish in pastures. Early and more aggressive control of undesirable
species can prevent a negative effect on the desirable species. However, both annual
ryegrass and little barley are cool-season annual species, as such chemical control of one
without negatively impacting the desired species is impossible. A close mowing of little
barley seedheads the year prior would have greatly reduced its presence in the seedbank
and alleviated much of the problem.
There was a great presence of little barley in pastures along with annual ryegrass
that cattle were grazing. We hypothesized is that that the presence of little barley led to
having an impact on stocking density and average daily gain of cattle. Research that was
conducted by Bosworth et al. (1985) observed digestibility of little barley and saw during
the vegetative stage IVDMD was at 82%. During the vegetative stage, little barley was
shown to be good for early grazing. However, as little barley aged and becomes
reproductive digestibility decreases. In-vitro dry matter digestibility decreases from 82%
to 62%. Once jointed and a seed head becomes apparent little barley becomes highly
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unpalatable and tough. Spikelets on the seed head of little barley contain short, stiff awns
that can cause irritation of the mouth in cattle causing animals to shy away from
consumption which can negatively affect weight gain of cattle (Albert, 1965). This was
seen during year one of this project, maturity of little barley and the emergence of seed
heads caused substantial irritation to cattle that were grazing pastures thus, affected
average daily gain, and gain ha-1. During year one, the presence of little barley affected
what and where cattle grazed in each of the pastures. We observed after-the-fact this had
an effect on the stocking density. Little barley made up 30% of pasture. The stocking
density increased from 532 kg per hectare to a defacto density of 692 kg per hectare (a
30% increase corresponding to the 30% decrease in available forage). Research
conducted by Mata – Padrino et al. (2017) compared low stocking density to high
stocking density in stockpiled cool season forages and saw cattle at greater stocking
densities did not gain as much weight per day as lesser stocking densities. They also
commented, greater densities contributed to a decrease in available herbage per animal.
This was seen in our pastures planted in the diploid cultivars Marshall and Tam 90. These
pastures planted in Marshall and Tam 90, were composed of almost as much little barley
as annual ryegrass; the effect of little barley on average daily gain and gain ha-1 was
observed. Unlike average daily gain of cattle grazing Jumbo (less little barley), weight
gain of cattle grazing both diploid cultivars (relatively greater little barley) did not
increase from d28 to d56. Average daily of cattle grazing Jumbo increased from d28 to
d56.
During year one, environmental factors such as exceptional drought conditions
had a negative effect on emergence of annual ryegrass allowing other species such as
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little barley, sour dock and broadleaf weeds to compete for establishment sites in
pastures. It was concluded during year one establishment and growth of these undesirable
species, especially little barley had a negative effect on stocking density and weight gain
of cattle. Precautions such as aggressive seed sanitation in years prior along with an
earlier better control of undesirable species in pastures should be taken into account when
establishing annual ryegrass.
Year Two
During year two, environmental conditions for the growing season along with
improved control of undesirable species created a more favorable environment for
establishment of annual ryegrass. Cumulative seasonal forage yield ranged from 7563.00
to 9977.50 kg ha-1 and a botanical make-up that was nearly a ryegrass monoculture (95 to
99%). Cumulative seasonal forage yield for year two was similar to those forage yields
reported in the 2018 Mississippi State Annual Cool Season Forage Variety Trials (White
et al., 2018).
During year two, diploid cultivars produced greater seasonal yield and were
greater in forage availability than tetraploids. Research that has been conducted by
Nelson et al. (2006) found similar results; diploid ryegrass cultivars yielded greater in
northern test locations of Alabama, Georgia, Mississippi and Louisiana. In these locations
diploid cultivars were yielding between 2 to 14% greater than tetraploids. Results from
the 2018 Mississippi State Annual Cool Season Variety Trials (White et al., 2018) also
saw that diploid cultivars yielded greater than tetraploids at their northern-most test
location in Holly Springs, MS. It has been noted by Suglyama (1998), Nelson et al (2006)
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and White and Lemus (2014) that the observed advantage of diploids in northern
locations may be attributed to diploid cultivars being more tolerant of cooler temperatures
than tetraploids. We observed similar differences during emergence in Starkville between
cytotypes. During the months of November (11.72 ̊ C) and December (6.83 ̊ C) mean
daily temperatures were cooler than the 30-year mean; emergence of diploid cultivars
was earlier and in greater density than tetraploids.
During this research, diploids cultivars appear to have had greater cumulative
seasonal yield and forage availability; however, tetraploid cultivars had less in fiber and
greater digestibility than diploids. According to Balocchi and López (2009), tetraploid
ryegrass contain larger cells thus increases cell content and digestible cell wall
components. The result of increasing cell size increases the intake of proteins, lipids,
soluble and rumen-digestible carbohydrates which improves digestibility of forage;
which was observed during year two of this research. Research conducted by Solomon et
al. (2014) observed that tetraploid annual ryegrass was less in fiber than diploids.
Solomon et al. (2014) compared ADF between diploid cultivars (Gulf and Marshall) and
tetraploid cultivars (Maximus and Nelson) noting that ADF and NDF for Nelson and
Maximus were less, with a corresponding increase in IVTD compared to Gulf and
Marshall. Similar to the results found by Solomon et al. (2014), our research also
indicated tetraploid cultivars Jumbo and Nelson were less in fiber and greater in
digestibility compared to our diploid cultivars Marshall and Tam 90. Katova et al. (2008)
also saw similar results while observed nutritive value between cytotypes of perennial
ryegrass. Katova et al. (2008) compared crude protein, crude fiber, water soluble
carbohydrates, and dry matter digestibility among three diploid perennial ryegrass
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cultivars and three tetraploid perennial ryegrass cultivars. Katova et al. (2008) noted that
tetraploid cultivars were greater in crude protein, water soluble carbohydrate, and dry
matter digestibility, while being less in crude fiber than diploid cultivars. It can be
concluded from results of our year two data and research conducted by both Katova et al.
(2008) and Solomon et al. (2014) that tetraploids are greater in digestibility and are more
nutrient-dense than their diploid counterparts.
Weight gain of cattle grazing annual ryegrass during year two produced gains
ranged between 0.92 to 1.10 kg d-1 with gain ha-1 ranged between 371 to 445 kg ha-1. It
was observed during this year’s study that there were no differences in performance of
cattle grazing between cytotypes of annual ryegrass. Our results were similar to those
found Orr et al. (2005) comparing average daily gain of heifers grazing between
cytotypes of perennial ryegrass. They observed no differences in average daily gain of
cattle grazing between cytotypes during both years of their research. Weight gain of cattle
grazing between cytotypes of perennial ryegrass that found during research conducted by
Orr et al. (2005) was similar to weight gain of cattle grazing between cytotypes of annual
ryegrass that was observed during year two of our research at Starkville.
Gowen et al. (2003) compared body weights of dairy cattle grazing two diploid
and two tetraploid perennial ryegrass cultivars. Analysis of data indicated no differences
in final body weight of cattle grazing between cytotypes of perennial ryegrass. Similarly,
in Starkville, there were no differences in final body weight of cattle grazing between
cytotypes of annual ryegrass. Final body weights of cattle grazing diploid cultivars at
Starkville ranged between 291 to 305 kg and final body weights of cattle grazing
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tetraploid cultivars ranged between 293 to 298 kg. Our results agree with previous
research conducted by Orr et al. (2005) and Gowen et al. (2003), that ryegrass cytotype
does not have an effect on cattle grazing performance.
Annual ryegrass presents itself as productive forage that has potential for
respectable cattle weight gain in the South. Research conducted by Beck et al. (2008)
compared weight gain of cattle grazing tall fescue, wheat, cereal rye, and annual ryegrass.
Results indicated cattle grazing annual ryegrass had greater gains during the spring of
year one and during the spring and fall of year two. Average daily gain of cattle grazing
annual ryegrass ranged between 0.43 to 1.25 kg d-1. McKee et al. (2017) that also
observed weight gain of cattle grazing monoculture annual ryegrass with gains ranged
between 1.11 to 1.16 kg d-1. Weight gains observed by Beck et al. (2008) and McKee et
al. (2017) were similar to those we observed during year two of research during this
study.
When a question arises on whether it is best to grazing either a diploid annual
ryegrass cultivar or tetraploid annual ryegrass cultivar based on results during year two
and the preponderance of data from other researches, neither cytotype give a weight gain
advantage. It appears the greater digestibility common to tetraploid cultivars is offset
equally by the greater productivity of the diploid cultivars at this location in northcentral
Mississippi. In this study, the greatest cattle weight gains during year two were observed
from the greatest cumulative seasonal yielding diploid cultivar, Tam 90, and from the
tetraploid cultivar with the greatest nutritive value, Nelson. When choosing a cultivar to
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graze it, comes down to what cultivar is affordable and what cultivar is best adapted to a
particular area.
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PASTURE LAYOUT, SOIL MAP, TEMPERATURE, AND PRECIPITATION FOR
YEARS ONE AND TWO
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Figure A.1

Pasture layout of cultivars during year one in Prairie, MS
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Figure A.2

Soil map layout of cultivars during year one in Prairie, MS.

HoA: Houston clay, 0 to 2 percent slope (Okolona) HoB2: Houston clay, 2 to 5 percent
slope, eroded (Okolona)
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Figure A.3

Pasture layout of cultivars during year two in Starkville, MS.
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Figure 4.3

Soil map layout of cultivars during year two in Starkville, MS.

Cp: Catalph silty clay loam FrB: Freestone fine sandy loam, 2 to 5 percent slope (freest)
Ho: Houston silty clay (Okolona) KlB2: Kipling silty clay loam, 2 to 5 percent slope,
moderately eroded KlC2: Kipling silty clay loam, 5 to 8 percent slope, eroded Mt:
Marietta fine sandy loam OhC2: Okibbeha fine sandy loam, thick solum variant, 5 to 8
percent slope, eroded OlB2: Okibbeha silty clay loam, 2 to 5 percent slope, moderately
eroded OlC2: Okibbeha silty clay loam, 5 to 8 percent slope, moderately eroded
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Figure A.4

30 Year Mean

Mean monthly temperature (C°) at Prairie, MS in 2016 and 2017 compared
to the 30-year mean.
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Figure A.5

30 Year Mean

Monthly precipitation (cm) at Prairie, MS in 2016 and 2017 compared to
the 30-year mean.
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Figure A.6

Mean temperature (C°) at Starkville, MS in 2017 and 2018 compared to the
30-year mean.
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Figure A.7

Mean precipitation (cm) at Starkville, MS in 2017 and 2018 compared to
the 30-year mean.
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